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Abstract
Aerodynamics of helicopter rotor,s'yst(ms cannot be investigated without
consideration for the dynamics of the rotor. One of the principal proper-
ties of the rotor which affects the ,vtor dynamics is the inertia of the rotor
blade about its root attachment. Prevwus aeTvdynamic investigations have
been peTformed on rotor blades with a variety of planforms to determine
the performance dil[ercnces due to blade planfiwm. The blades tested for
this investiyation have been tested on th_ US Army two-meter rotor lest
system (2MRT'S) in the NASA Lanyley 14- by 22-foot Subsonic Tunnel for
hover performance. This investigatwn was intended to provide fundamental
information on the flappin 9 inertia of five rotor blades with differin9 plan-
forms. 7'he inertia of the baize cuff and the cnJ[ with a blade extension were
also measured for comparison with the inertia of the blades. Inertia was
dete1_nined ustn. 9 a swing-lesttn 9 technique, usin 9 the period of oscillation
to determine the effective flappin 9 inertia. The effect of damping in the
swing-test was measured and accounted for. A comparison of the flappin9
incrtials for rcclanyular and tapered planform blades of approximately the
same mass showed the tapered blades to have a lower inertia, as ezpected.
Introduction
lh'licopte.r rotor aerodynamics cannot be investi-
gated witho, t consideration for rotor blade dynamics.
One of t.he principal properties of a rotor which affects
the rotor blade dynamics is the [lapping inertia of the
rotor blade_ The amount of inertia affects the tendency
of the rotor blades to "cone up" from the normal plane
of rotation when producing thrust. A similar lead-lag
iuert, ia also affects the rotary inertia of the entire ro-
tor system and contributes to the characteristics of the
rotor duriug entry into and the final Ilare of an autoro-
tat.ion.
One aspect of rotor research at the NASA Langley
14- by 22-foot Subsonic Tunnel has been the ewdua-
tion of rotor systems designed with significant amounts
of planforin taper. Concern for the autorotatiw'_ perfor-
mance of these advanced rotors grew from these investi-
gations. Rotational inertia (related directly to flapping
inertia) is the principal measure of autorotative perfor-
11121riCO.
The US Arlny two-meter rotor test, system (2MRTS,
reference 1), developed for the NASA Langley 14- by
22-foot Subsonic Tunnel, was used in previous investi-
gal, ions to study the effect of planform taper on rotor
performance (references 2 and 3 ms examples.) This re-
l)ort documents the flapl)ing inertia for _.'v('ral of these
rotors.
f,L damped frequency, llz
fn natural freql,ency, llz
g gravitational constant, 386.112 in/see 2
100 flapping inertia, Ib-in 2
m mass, slugs
Q Torque about flapping hinge, Ib-in
r length from flapping hinge axis to center of
I IlaSS, in
S_- uncertainty in x
T damped period of oscillation, sec
t time of oscillation, sec
Xl arnplitude of first oscillation, Volts
X_ amplitude of second oscillation, Volts
/) logarithmic decrement
w_/ damped angular frequency, Itz
wn natural angular frequency, Hz
0 angular displacement about the flapping axis,
rad
/_ angular acceleration, rad/sec 2
( damping constant
Theory
From torque equilibrium about the flapping hinge,
the equation used to find the flapping inertia, Ioo, is:
Q = Oloo = -mgr sin 0. (1)
Notation and Symbols
The physical quantities defined in this paper are
giw*n in the II.S. (;ustomary Units. Mea,_urements and
calculations were made in the IJ.S. (hlstomary llnits
with the exception of weight mea.surenu_nt which was
made in grams. The conversion factor used from grams
t,o pounds was obtained from reference 4.
Assuming periodic displacement:
0 = A sin wt
= -w2Asinwt
and
w. = 2rf_.
(2)
(3)
(4)
Ily using a sinall angle assuniption (shl0 -- 0) and
c(,inllhiiug the above equations, the tlai)l)ing inertia is:
,rig," (5)
Ioo - 4r2L-
This relatioli iudicates that the Ilal)phig inertia can
be dclernlined I)y swinging I.he I)la(ie aud iueasurhig
the. period of oscillation. Unfortunately> in ally exlleri-
liit_lltal test of this ilatnre therl; will t)e <tanlpiug due to
frictionand air resistancewhich willaffectthe natural
frequency. Front reference 5 the effect of the damping
call be deterluiiled and used to correct the nieasurcd fre-
(lliency. The dallilied uat.ural frequency, fd, is related
I,(>the uu(l;tliilied liatural freqllency, fn, by the relation:
fn (6)
Li- v/7_0
The Iogarithniic decrcnicut, _, (if the system is
(lelhied as the nal.ural logarithm of l.he ratio of any
I.wo consecutive anipiitudes. Proln reference 5, the
I.garithlnic decrenieut is relate(I I,o l,he danlping factor
I)y:
_ (7)
¢7
Th,'r,'for(', by substitul.hlg and solvhig for (2, we
Ii_tvo:
(7 (In _)'z
_ (s)
41r2 + (In -_ )2"
I,]qual.iou (8) can be substituted lute e(lual, iou (6)
io fiud the natural frequeucy, and l.]ien the [[al)liing
inertia can be found by ushlg eqal.ion (rt). A gel(era]
discussion of natural frequelicy, dalnlling co(is(ant, aud
]ogaril.llnlic decrellrlent is given in reft_l'euce 5.
Model and Apparatus
The Inodel rotor blades which are &;scribed here
haw; been used in several investigatioils (references 3-
5). Althougll the geometry of the blades has been
doculiiellted, the Ilapping rcsl)ouse of I,hc blades has
uot I)cen previously docunicnl,ed. A lihol,ograph of l,he
rotor blades used is shown in tigllrC 1. Four of the five
hlades have a tapered planforlii, alld I.he fifth blade is a
hm_eliue recta ngular-I)lani_orin rotor.
'['wo of these blades were designed to invcsl.igate the
eff,'ct of the location of the initiatiou of taper on rotor
i)erforniance. Tliese two blades are siniilar in design
with the primary diffi_rence being t]w radial location of
the initiation of taper. These two blades are described
in refi'rence 3. The initiation of the taper starts at 50
percent radius for the XTR50 blade, while the initia-
tion of the taper for the XTR75 is at 75 percent radius.
Both the XTRS0 and XTR75 have a 2.708 ft radius,
-13 degrees of linear twist, and a thrust-weighted solid-
ity of 0.0977. They also use a distribution of advanced
rotorcraft airfoil sections. These airfoil sections were
developed by researchers of the U.S. Army Aerostruc-
tt,r,'s I)irectorate at the NASA Langley Research Center
sl,ecilically for rotorcraft applications. The airfoils are
RC(4)-I0 (blade inboard section), RC(3)-10 (mid sec-
tie,), and RC(3)-08 (blade outboard sections). In the
RC(x)-xx fornl:_t, the RC indicates a rotorcraft airfoil,
(x) designates a sequential number, and the xx is the
thickness in percent of chord. The RC(3)-10 and the
RC(3)-08 airfoils are documented in reference 6. The
RC(4)-I0 is documented in reference 7.
The rectangular Made (RECT) has been used in
several investigations in the 14- by 22-foot Subsonic
Tuunel (rcference 8 a.s an example). The blade airfoil
is the NACA 0012 with -8 degrees of linear twist from
centcr of rotatio,_ to blade tip. The radius of this rotor
is 2.823 ft. The thrust weighted solidity is 0.0981.
The AIIIP blade is a 21% scale of the Army OH-58D
helicopter prototype (reference 9). AHIP stands for the
Army ttelicopter Improvement Program, which resulted
in the OIt-58D model helicopter prototype. The blade
has a radius of 3.675 it, -16 degrees of twist, and a
trust-weighted solidity of 0.0580. The taper ratio is
1.75/1. The airfoil for the rectangular section was a
high perforlnance rotor airh)il, similar to those used in
the XTR50 and X'FR75 blades.
A larger tapered rotor blade, the TR3, was also
tested. This blade was tested for comparison with
the AIlIP blade (reference 9). The TR3 has a radius
of 3.333 ft, -16 degrees of linear twist, and a thrust-
weighted solidity of 0.0825. The NACA 0012 airfoil
was used for this blade. The blade has a 3/1 taper
ratio with taper starting at 80% of the basic radius.
This blade was tested with a blade cuff extension so its
radius would be equal to the AHIP blade.
All five blades used are of composite construction
utilizing graphite prepreg cloth, polyurethane foam
cores, fiberglass and epoxy external skins, and tung-
sten leading-edge balance weights. In the fabrication
process, a graphite laminar spar is fabricated over a
foam core and then cured in a mold. The trailing-edge
core is then fabricated from low-density, self-skinning
polyurethane foam and then bonded to the spar. The
entire assemble is wrapped with fiberglass cloth and
epoxy resin, placed in the mold, and cured under con-
trolled conditions of temperature and pressure.
Since the rotor hub system used for testing of all
of these blades is fully articulated with coincident flap
and lag hinges, inertia in the chord-wise and flap-
wise directions are equivalent. By including all of
the elrectiw; flapping hardware (blade, hub grip, and
inountiHg bolts), the true Ilapping inertia of the Made
can be correctly measured.
The hlade cuff assembly is shown in figure 2. The
cuff assembly used in this investigation in the same one
in the basic rotor hub that was used in the 2MR'FS.
The cuff assembly is constructed almost entirely of 17-
4 1'11 stainh'ss stecll The blades were n|ollntt_,d ill the
blade cuffs by two close-toh'ra,lce bolts. This assembly
is described in refi'rence 1.
This invesl, igation was conducted using an appara-
tus that allowed a rotor blade to hang fronl a pivot rod
and swing freely. The rotor Intl) cull" grips the rotor
blade and swings with the rotor blade. A l,inear Vari-
ahle l)ifreretltial Transducer (INI)T) w;i.s atLacllcd to
the cull" of the blade to nl(,asure the displacement of t,he
IAa(le. The INI)T sent a sigllal throlJgh ;in INi)T sig-
roll con(titioner to a signal analyzer. The sigilal analyzer
plotted the disl)lacelnent as a fllnction of I,VI)T volts
vs. tinle. The signal analyzer also I>lotted w>lts vs. fre-
qtwllcy. A skel,ch of the testing apl)arat, iis is presented
in figure 3.
Test and Procedures
The flal)ping inertia of rotor I)la.(les can I)e deter-
ntined I)y "SWillg" testing the blades. The blade and
(:ill[" a.sSeililily were swung by nianlially pulling tile l)lade
back aild lel, thig it go. The ,'l._senil)ly I,hen acts a_; a lien -
dlillniL
The test t)rocediire consisted of two liarts: deter-
liihiing l.he mass, alid radial (listallci_ frOlil I,he effecl, iw,
Ilaliliing aXiS tO tile c('ilt,er of gravity of the I)lade alld
Cliff asscnll)ly; alld (t(;terlnillhig the Ilal,llral frequ(_,llCy.
Tile in_Lss and locatioll of the center of irl;Lss were
found IlSillg an electronic 1)alan('e. 'l'he radial length to
the center of nia.ss wt'71_sfonnd l)y Inultiplyiug the length
of the blade as nleaStlred fronl the axis of the flapping
hinge ratio of the weight measured at the tip end of
the assenlbly to the total weight of the assenlbly. These
weights were found by placing each end on a knife edge,
and alternately sel.l.ing each knifi_ edge on the electronic
I _al;liice,.
The procedure for finding the natural frequency
COllSisted of swingilig tile blade and I)lade cuff asselnt)ly.
An I,VI)T nleasured the displaceineul, of the blade aud
cull" assenil)ly alid theu seut the signals through a signal
c{lndii.ioner to a signal analyzer. This procedure was
repeated ten tinles, with the I,VI)T signal reset to zero
each t.iine. After ten tests, the signal analyzer outpllt
the aw;r;lge results in two plots: w)ll,s vs. time, and
w)lts vs. fre(luency. The i)rincil);ll frequell('y given by
the analyser was checked I)y using a nlanual Inethod of
frequency deternlhlatiou.
A iiianua] liiethod of del.ernlining the frequency
from the time history was nsed. The time between
consecutive peaks was measured to find the period of
the oscillation. Then, the damped frequency was found
from an average of the reciprocal of each of the periods
throughout the oscillation. The voltage of the first two
peaks was used to determine the logarithmic decrement
and the damping constant of the system as described
previously. This entire process was repeated five times
for cach rotor blade.
Results and Discussion
A sunimary of the results for this investigation
is listed in Tat)le I. A listing of the data for times
from peak to peak, periods, and damped and natural
frequencies for each blade, the blade cuff assembly, and
the blade cuff with root extender are given in Tables
I1 VII. The plots of time history and frequency content
from the signal analyzer are located in figures 4-10. The
experimental uncertainty which is shown in Table I is
described in Appendix A.
In figures 4-10 two plots per figure are shown as
displayed on the signal analyzer. In these figures, the
upper plot is the displacement (in LVDT volts) vs.
tinie, In the lower plot the displacement is plotted
vs. frequency. The coordinates of the first plot, volts
vs. time, show the position of the first peak. The
coordinates of the second plot, volts vs. frequency, are
the coordinates of the approximate natural frequency
of the system.
In the second plot there are times when there are a
lot of extraneous lines towards the end of the plot, as in
figure 7, test 1. These lines result from noise that the
signal analyzer picked up from the system. There were
also times when no "peak" could be seen in the second
plot, ms in figure 10, test 3. Although there was still a
peak present, it was too low for the vertical scale.
Concluding Remarks
This investigation gives important information on
the blade flapping inertia of several experimental model
rotor bladcs. This inertia affects the the tendency of
the blades to "cone" up when producing thrust. The
inertia is also important when determining the rotary
inertia of the entire rotor system, which contributes to
the characteristics of the rotor during entry into and
linal flare of an autorotation.
The results of this investigation provide essential
data for dynamic analysis of blade response for the rotor
systems tested. As expected, rotor blades of similar
area and mass which have a chordwise taper show a
significant reduction in flapping inertia.
NASA Langley Research Center
ltampton, VA 23665-5225
August 10, 1991
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Appendix A -- Uncertainty Analysis
'['hc experinmntal accuracy for thi_ investigation is af-
I'*'¢;t,rd by several factors. The clfcct ,,t" these factors oil ac-
,.racy ,)f the rcsult.s will bc estinlatcd II._ing all uncertainty
analysis.
The I,VI)T used in this iwvc._tigation is not made to
nu.asurc radial displact'me.t, it is made to measure linear
(lispla(wme,t. This deviation is consistent with the smMl
angle assumptions of the supporting "swing" test theory.
The core of the i,V DT was attached to tlw cu ff and blade,
and therefore the ])ill lllovt_d ill tht_ S_tllle radial Inanner a__,
did the cuff and blade. Because of the circular motion of
the pin, the pin (lid not slide in and out of the core like
it was supposed to. The pin rubbed against the inside of
Ihc core, and this caused friction. This friction damped the
oscillations signilicandly. When exaunining a blade swinging
on the rod witl,out the LVI)T attadled, it can be seen
that the blade will swing ahnost twice as long as whcn
the I,VI)T was attached. The lechlli*.|lle Ils(_d to correct
the measured frequency by the eXl)crimcntal daml)ing factor
should compensate for this clh:ct.
Anoth,.r possibhr error associated with this investigation
is that each trim was not always exactly "zeroed'. In
olher words, the end displa(:ennent of the blade was not
always at zero. The end displacement voltage ranged from
approximately 4- 0. I Volts. This wouhl not ca,se an error in
the damp,_d frequency, but it would cause and error in the
damping constant, and t},er_h,rc in the natural frcquency.
Because the zeroing error was only as great as 0.1 Volts on
a If) Volt s(:alc, the error (:alast_d by zeroing would be very
oh,so t.o nwgligil,le most of the tim(:.
A des,:ril)tion of this uncertainty analysis (:ann be found
in rf'ference 10. For agivcn fu,wtion
r = f(z,y,z) (A1)
the uncertainty in r is:
] Or _ 2 Or_ ,. Or S )2
A'_ = V(_--_z_x ) +(_-_y_Y)'+(_'_z z (A2)
where _, y, and z are variables of r.
For this investigation the unccrtaint.y in the flapping
inertia is:
l Ol_ ,91A_ ,, )_ ;Hoe , )'z.'_'_o0= ( ;),,____;._.,,,)2+ ( ,__._ + (_5_._j ,
whey(!:
anti
Oleo gr
Om 4,_2 f. _
(A3)
(A4)
Ole.___ ,,,g (AS)
_)r 4x'-'f. _
O lo.____o= - 2mgr (A6)
Of,_ 4 x'-' f,, 3"
'l'llc uncertainty in the mass, Sin, is 0.5 grams or 0.000101
pounds. The uncertainty in the measurement of the radial
length, St, is 0.01 inches. The uncertainty of the natural
frcqnency, Sin, is found from the standard deviation of
the live dilferent trims for each blade and the blade cuff
asscm bly.
The rcsulting uncertainty ranged from 0.2% for the TIL3
blade to 2.9% for the bare cuff. The specific unccrtaintic_
arc tal)ulated in Table I with the experimentM results.
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lABIA, I Final Results
Blade
XTR50
XTR75
RECT
AIIII'
TR3
Bare CufF
Cuff w/ext.
Mass
(Ib)
2.030
1.969
2.(122
1.914
2.370
1.42X
1.691
Ita(lius
to (',G
(in)
5. ! 6(1
5.320
6.253
6.261
8.283
1.968
2.541
Natural
Frequency
(ll_,)
().S!)842
0.8(i002
0.76085
0.69257
0.67985
2.00283
1.60703
Flapping
Inertia
(Ib-in 2)
126.924i0.410
138.514+1.474
213.613-t-1.173
244.350+0.641
415.387i0.730
6.825_0.201
16.273+0.181
Percent
Uncert.
(%)
0.3 %
1.1%
0.5 %
0.3 %
O.2 %
2.9%
1.1%
TAI_I,I" II. l)ata fi)r XTR50 blade, Test 1
I'('ak
'l'inlc
S('C)
0.31250
1.40625
2.523,14
3.63281
4.76563
5.89063
7.OOOO0
8.08594
9.20313
l)eriod
1.09375
1.11719
1.10937
1.13282
1.12500
1.10937
1.08594
1.11719
Damped
Frequency
0.91429
0.89510
0.90141
0.88275
0.88889
0.90141
0.92086
0.89510
Average I)aml)Cd Ig'<'<ltwncy = 0.89998 llz
-\'1 = .'1.,13(i Voll, s
X 2 = 4.052 Volts
(2 = 0.000207
Na,tm'al l"rcquency = 0.90035 Ilz
I AI_I,I, II. I)ata for XTR50 blade (continued), Test 2
|)c_tk
I
2
3
4
5
6
7
8
9
] ll3)C
(SCC)
II I
0.27344
1.39063
2.54688
3.64063
4.75781
5.88281
6.99219
8.10156
9.18750
Period
(see)
I
1.1171!}
1.15625
1.09375
1.11718
1.12500
1.10938
1.10937
1.08594
l)amped
Frequency
(ll )
0.89510
0.86486
0.91429
0.89511
0.88889
0.90140
0.90141
0.92086
Average l)amped Frequency = 0.89774 tlz
X 1 = 4.492 Volts
X 2 = 4.103 Volts
(2 = 0.000207
Natu,'a.I Frequency = 0.89783 llz
TAI_I,E II. I)ata for XTII50 blade(continued),Test 3
1
2
3
4
5
(i
7
8
9
l'cak
3'ime
SOC)
0.26563
1.40625
2.52344
3.65625
4.76563
5.88281
6.98438
8.09375
9.17188
Pcrio(I
(see)
1.14062
1.11719
1.13281
1.10938
1.11718
1.10157
1.10937
1.07813
Damped
Frequency
(lzz)
0.87671
0.89510
0.88276
0.90140
0.89511
0.90780
0.90141
0.92753
Average l)a.mped Frequency = 0.89848 llz
X 1 = 4.385 Volts
X2 = 4.021 Volts
_2 = 0.000190
Natura.] Frequency = 0.89857 Hz
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'I'AI}I,i'; I1. l)ata for XTR50 blade(continued),Test 4
[)('_l,k
Timc
(see)
I
0.21825
1.40625
2.53906
3.65625
4.75781
5.89063
7.00000
8.10156
!).19531
1
Period
(s(_c)
1.12500
1.13281
1.1171!)
1.10156
1.13282
1.10937
1.10156
1.09375
Damped
Freque_cy
(Jl_,)
0.88889
0.88276
0.89510
0.90780
0.88275
0.90141
0.90780
0.91429
Average Damped Frequency = 0.89760 Hz
X1 = 4.578 Volts
X2 = 4.197 Volts
(2 = 0.000191
Natural Frequency = 0.89769 Hz
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TABI, I", II. l)ata h)r XTI{50 l)lade (concluded), Test 5
l)(,_k
'rime
sec)
0.28906
1.39844
2.52344
3.64844
4.76563
5.89063
7.00000
8.10938
9.20313
Period
(sec)
1.10938
1.12500
1.12500
1.11719
1.12500
1.10937
1.10938
1.09375
Damped
Frequency
(llz)
0.90141
0.88889
0.88889
0.89510
0.88889
0.90141
0.90140
0.91429
Av('rage Damped Frequency = 0.89753 llz
X 1 = 4.814 Volts
X 2 = 4.367 Volts
(2 = 0.000241
Na, tural Frequency = 0.89764 Hz
1o
t _ 4_lABIA, 111. I)at, a for XTR75 blade, Test 1
l)cak
1
2
3
4
5
6
Time
(SOC)
0.28906
1.41406
2.57031
3.77344
4.90625
6.10938
Period
(sot)
1.12500
1.15625
1.20313
1.13281
1.20313
l) amped
Frequency
(ilz)
0.88889
0.86486
0.83116
0.88276
0.83116
Average Damped Frequency = 0.85977 Ilz
Xi = 3.386 Volts
X 2 = 2.620 Volts
(2 = 0.00161
Na.turM lffc(iucncy = 0.86049 llz
'FABI,E I11. 1)a.ta for XTR75 blade (continued), Test 2
I )1 t_l.k
1
2
3
4
5
(;
Tinic
(S(,C)
0.28906
1.44531
2.62500
3.76563
4.92969
6.07813
1)criod
I
1.15625
1.17967
1.14063
1.16406
1.14844
Damped
Fwqucncy
(Hz)
0.86487
0.84768
0.87671
0.85906
0.87075
Average Damped Frequency = 0.86381 Hz
X l = 3.389 Volts
X 2 = 2.632 Volts
C = 0.00162
Natural Frequency = 0.86451 Hz
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¢ _ 41IAI_I,I, !11. l)ata for XTR75 blade (continued), Test 3
1 )(_ktk
Time
SCC)
0.25000
1.41406
2.59375
3.75000
4.91406
6.10938
l'criod
1.16406
1.17969
1.15625
1.16406
1.19532
Damped
Frequency
(II,,)
0.85906
0.84768
0.86486
0.85906
0.83660
Average Damped Frequency = 0.85345 llz
XI = 3.469 Volts
-¥2 = 2.629 Volts
(2 = 0.00194
Natural Frequency = 0.85428 llz
'I'ABIA'; III. Data for XTR75 blade (continued), Test 4
Peak
1
2
3
,|
5
6
Tinw
(SC_(" )
0.25781
1.42188
2.60156
3.73438
4.92188
6.1O156
Period
1.16407
1.17968
1.13282
1.18750
1.17968
I)amped
Frequency
(Hz)
0.85906
0.84769
0.88275
0.84211
0.84768
Av('rag(' Damped Fr('(lUCncy = 0.85586 ilz
X l = 4.243 Volts
X2 = 3.203 Volts
(2 = 0.00200
Natural Frequency = 0.85671 I|z
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TABI,E i1I. I)ata for XTR75 blade (concluded), Test 5
I _('ak
1
2
3
4
5
6
Time
SOC)
0.2578 l
1.42969
2.60938
3.72656
4.92188
6.05468
l'criod
(SOC)
1.17188
1.17969
1.11718
1.19532
1.13281
Damped
Frequency
(Il )
0.85333
0.84768
0.89511
0.83659
0.88276
Averag(; Damped Frequency = 0.86310 Ilz
X1 = 4.170 Volts
X2 = 3.069 Volts
(_2 = 0.00237
Natural Frequency = 0.86413 Iiz
13
TAI_I,F, IV. Data for ICECT blade, Test 1
])c_tk
I
2
3
4
5
6
7
8
9
Time
(SCC)
0.31250
1.61719
2.93750
4.23438
5.55469
6.86719
8.18750
!).50781
10.83594
1.30469
1.3203 !
1.29668
1.320"31
1.31250
1.32031
1.32031
1.32813
Damped
Frequency
(liz)
0.76646
0.75740
0.77108
0.75740
0.76190
0.75740
0.75740
0.75249
Aw,ra,g(, 1)mnpe(I Frequency = 0.89753 ltz
Avera.ge l)aml)ed Frequency = 0.86310 llz
X l = 4.814 Volts
X 2 = 4.367 Volts
_2 = 0.00024 !
Natural Frcquency= 0.89764 IIz
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'I'ABIA'; IV. Data for RECT blade (continued), Test 2
|)(_ak
1
2
3
,t
5
6
7
8
9
Time
(seC)
0.32031
1.61719
2.92969
4.24219
5.55469
6.86719
8.17969
9.50000
11).79688
Period
(s c)
1.29688
1.31250
1.31250
1.31250
1.31250
1.31250
1.32031
1.29688
Damped
Frequency
(uz)
0.77108
0.76190
0.76190
0.76190
0.76190
0.76190
0.75740
0.77108
Aw:,'agc l)amped Frequency = 0.76363 Itz
XI = 4.289 Volts
X_ = 3.877 Volts
(2 = 0.000685
Natural Frequency = 0.76389 tlz
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TAI_,I,F, IV. I)ata h)r RI!X"I blach' (continued), 'l_st 3
1
2
3
4
5
6
7
8
9
l)('il.k
Time
(S(_C)
0.75781
2.07813
3.38281
4.69531
6.00781
7.32813
8.64844
9.95313
11.28125
l)eriod
1.32032
1.30468
1.31250
1.31250
1.32032
1.32031
1.30469
1.32812
Damped
Frequency
(117,)
0.75739
0.76647
0.76190
0.76190
0.75739
0.75740
0.76647
0.75294
Average Damped Frequency = 0.76023 llz
X 1 = 4.729 Volts
X2 = 3.979 Volts
(2 = 0.000755
Nat, u r_d l"re(luency = 0.76052 llz
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t I iI 4_ Ir 1IAI_I,I, IV. l);_ta, for RL(,I I)lade (continued), Test 4
iii
1
2
3
4
5
6
7
8
9
Time
SCC)
0.58594
1.89063
3.21094
4.51563
5.82813
7.14063
8.45313
9.78125
11.10156
1.30469
1.32031
1.30469
1.31250
1.31250
1.31250
1.32812
1.32031
l)amped
Frequency
0.76646
0.75740
0.76646
0.76190
0.76190
0.76190
O.75294
0.75740
Avera.ge l)amped Frequency = 0.76080 llz
Y"l = 4.768 Volts
.\':_ = 4.045 Volts
(2 = 0.000685
Natural Frequency = 0.76106 lIz
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_(lr 1 r'I'AI_I,E IV. Data for It.l, , I bla.dc (concluded), Fest 5
1
2
3
4
5
6
7
8
9
'l'i me
sec)
1.09375
2.44531
3.75781
5.07031
6.38281
7.69531
9.01563
!0.33594
11.64844
Period
(see)
1.35156
1.31250
1.31250
1.31250
1.31250
1.32032
1.32031
1.31250
l) amped
Frequen cy
(ltz)
O.73q89
0.76190
0.76190
0.76190
0.76190
0.75739
O.75740
0.76190
Aw'ragc Damped Frequency -- 0.75803 Ilz
-V1 = 4.753 Volts
X2 -- 4.019 Volts
(2 = 0.000712
Natural Frequency = 0.75830 [Iz
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'i'Alll,l'; V. Data for AIIIP blade, Test 1
I )C_l,k
u
1
2
3
4
5
6
7
8
9
l(I
11
12
Time
SCC)
0.35156
1.77344
3.23438
4.67188
6.10938
7.58594
9.01563
10.44531
11.89844
I3.34375
14.79688
16.23438
Period
( ec)
1.42188
1.46094
1.43750
1.43750
1.47656
1.42969
1.42968
1.45313
1.44531
1.45313
1.43750
Damped
Frequency
0.70330
0.68449
0.69565
0.69565
0.67725
0.69945
0.69946
0.68817
0.69189
0.68817
0.69565
Average Damped Frequency = 0.69265 Hz
X 1 = 4.316 Volts
X2 = 3.953 Volts
(_2 = 0.000195
Natural Frequency = 0.69292 Ilz
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TABIA", V. I)ata for AIIIP bla(lc (continued), Test 2
])c_lk
I
2
3
,1
5
6
7
8
9
10
II
12
q'ime
(SCC)
0.3,1375
1.76563
3.25000
4.64844
6.10938
7.55469
9.00000
10.45313
I1.89063
13.32813
1,1.78125
16.21875
Period
1.42188
1.48437
1.3984,t
1.46094
1.44531
1.44531
1.45313
1.43750
1.43750
1.45312
1.43750
Damped
Frequency
(lJz)
O.70330
0.67369
0.71508
0.68449
0.69189
0.69189
0.68817
0.69565
0.69565
0.68817
0.6!)565
Average Damped Frequency = 0.69306 llz
X 1 = 4.128 Volts
X2 = 3.713 Volts
(_ = 0.00028'1
N_l, ur_i I:rcquency = 0.69316 llz
2(1
'I'AIIlA", V. Data for AIlIP blade (continued), Test 3
Pc_lk
1
2
3
4
5
6
7
8
9
10
11
12
Time
SRC)
0.32813
1.78125
3.23438
4.68750
6.12500
7.58031
8.99219
10.44531
l 1.89063
13.33594
14.78125
16.24219
Period
1.45313
1.45313
1.45312
1.43750
1.44531
1.42188
1.45312
1.44532
1.44531
1.44531
1.46094
l)amped
Frequency
(llz)
0.68817
0.68817
0.68817
0.69565
0.69189
0.70329
0.68817
0.69189
0.69189
0.69189
0.68449
Average Da.mped Frequency = 0.69125 llz
-\'1 = 4.753 Volts
X2 = 4.231 Volts
(2 = 0.000343
Natura.I Frcquency= 0.69137 IIz
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TAI}I,I'; V. l)al, a for AIIIt ) bla(l(' (continued), 'l_st ,t
] )('ak
I
2
3
,t
5
6
7
8
9
10
II
12
Time
(SCC)
0.33594
1.78906
3.25000
4.67188
6.10938
7.56250
9.00000
10.44531
11.89844
13.3359,t
14.78125
16.21875
Period
(scc)
1.45312
1.46094
1.42188
1.43750
1.45312
1.43750
1.44531
1.45313
1.43750
1.44531
1.43750
Damped
Frcquen(:y
(llz)
0.68817
0.68449
0.70329
0.69565
0.68817
0.69565
0.69189
0.688t7
0.69565
0.69189
0.69565
Av(,ragc Damped Frequency = 0.69261 Hz
X 1 = 4.048 Volts
X2 = 3.665 Volts
(2 = 0.000250
Natural Frequency = 0.69270 tlz
,),1
I AilI,I, V. I)a.t_ for AIilP blade (concluded), Test 5
P(_ak
ii
1
2
3
4
5
6
7
8
9
IO
11
12
"l'itile
sec)
0.36719
1.79688
3.25781
4.68750
6.13281
7.56250
9.01563
10.46094
11.90625
13.35156
14.78125
16.25000
l'eriod
(se,')
1.42969
1.46093
1.42969
1.44531
1.42969
1.45313
1.44531
1.44531
1.44531
1.42969
1.46875
Damped
Frequency
(IIz)
0.69945
0.68450
0.69945
0.69189
0.69945
0.68817
0.69189
0.69189
0.69189
O.69945
0.68085
Average Damped Frequency = 0.69263 ltz
X! = 4.355 Volts
X 2 = 3.960 Volts
(2 = 0.000229
NaturaJ Frequency = 0.69271 Hz
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'I'AIII,I" VI. Data for TI13 blade, Test 1
1
2
3
,1
5
6
7
8
9
10
11
12
13
Time
sec)
0.34375
1.82813
3.28906
4.77344
6.25000
7.71875
9.1875(}
10.66406
12.14063
13.60156
15.07031
16.53906
17.99219
Period
(s c)
1.48438
1.46093
1.484;18
1.47656
1.46875
1.46875
1.47656
1.47657
1.46093
1.46875
1.46875
1.45313
Damped
Frequency
(llz)
0.67368
0.68449
0.67368
0.67725
0.68085
0.68085
0.67725
0.67724
0.68449
0.68085
0.68085
0.68817
Average Daml)¢,d l"rcquency = 0.67997 ttz
XI = 4.951 Volts
X 2 --,1.539 Volts
(2 = 0.000191
Natural Frequency = (}.68004 Iiz
2-t
IAI'I1A,VI. Data for TR3 blade (continued),Test 2
1
2
3
4
5
6
7
8
9
10
11
12
13
Time
sec)
0.34375
1.82031
3.30469 "
4.77344
6.24219
7.7,1875
9.18750
10.66406
12.13281
13.59375
15.06250
!6.53906
18.00781
Period
(se,:)
1.47656
1.48438
1.46875
1.46875
1.47656
1.46875
1.47656
1.46875
1.46094
1.46875
1.47656
1.46875
Damped
Frequency
(II )
0.67725
0.67368
0.68085
0.68085
0.67725
0.68085
0.67725
0.68085
0.68449
0.68085
0.67725
0.68085
Average l)aml)ed Frequency = 0.67936 Hz
X 1 = 4.626 Volts
X2 = 4.246 Volts
¢2 = 0.000186
Natural Frequency = 0.67942 llz
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TAIII,I'; V[. l)ata for TIC; bla,h' (contimmd), Test 3
] )('Dk
1
2
3
4
,5
6
7
8
9
10
I1
12
13
Time
(SCC)
1.82813
3.29688
4.77344
6.25O00
7.71094
9. 195"11
10.65625
12.13281
t3.60156
15.(17031
16.54688
18.00781
19.47656
l'criod
t.46875
1.47656
1.47656
1.46094
1.48437
1.46094
1.47656
1.46875
1.46875
1.47657
1.46093
1.46875
Dampe<t
Frequency
(II )
0.68085
(I.67725
0.67725
0.68449
0.67369
0.68449
0.67725
0.68085
0.68085
0.67725
0.68449
0.68085
Aw'rage l)amped Frequency = 0.67996 l tz
XI = 5.000 Volts
X2 = 4.558 Volts
(2 = 0.000217
Natural Frequency = 0.68003 IIz
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lABIA, VI. Data for TR3 blade(continued), Test 4
i)(_a.[¢.
!
2
3
4
5
6
7
8
9
10
11
12
13
Flrne
SCC)
i
O.35156
1.82031
3.29688
4.77344
6.25781
7.71875
9.18750
i(}.67188
• ,)12.13.,81
13.60938
15.07031
16.53906
18.01563
Period
(see)
1.46875
1.47657
1.47656
1.48437
1.46094
1.46875
1.48438
1.46093
1.47651
1.46093
1.46875
1.47657
Damped
Frequcncy
0.68085
0.67725
0.67725
0.67369
0.68449
0.68085
0.67368
0.68449
0.67725
0.68449
0.68085
0.67724
Av(;ragc Damped Frequency = 0.67937 Hz
X1 = 4.902 Volts
X2 = 4.502 Volts
(2 = 0.000184
Natural Frequency = 0.67943 [Iz
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'I'AI_,I,E Vi. I)ata for 'FI{3 blade (c(mcluded), Test 5
] )t'il k
I
2
3
.1
5
6
7
8
9
10
II
12
13
Time
'C)
0.35156
1.82031
3.29688
4.77344
(;.24219
7.7109,1
9.18750
10.65625
12.12500
13.59375
15.06250
16.53906
17.99219
I)erio(I
1.46875
1.47657
1.47656
1.46875
1.46875
1.47656
1.46875
1.46875
1.46875
1.46875
1.47656
1.45313
I)amped
Frequency
0.68085
0.67725
0.67725
0.68085
0.68085
0.67725
0.68085
0.68O85
0.68085
0.68085
0.67725
0.68817
Aw'rage I)aml)ed Frequency = 0.68026 Hz
X1 = 4.624 Volts
•\'2 = 4.209 Volts
(2 = 0.000224
Natural Frequency = 0.68034 llz
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'I'AIII,I", VII. Data for Bare (;tiff, "lest 1
Pttak
Time
(S_C)
0.10156
0.60938
Period
(see)
0.50781
Damped
Frequency(_lz)
1.96923
X1 = 2.346 Volts
X 2 = 0.998 Volts
(2 = 0.01826
Natural Frequency = 1.98746 ltz
TAIILI", VII. Data for Bare Cuff (continued), Test 2
Time
(_cc)
0.10938
0.60156
Period
(see)
II I I
0.49219
Damped
Frequency
(Hz)
2.03175
X1 = 3.015 Volts
X2 = 1.377 Volts
(2 = 0.01532
Natural Frequency = 2.04749 Itz
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TAI_I,F, VII. l)ata for I_are (_uff (continued), Test 3
I)_,ak
Time
(s c)
0.10!)38
0.60938
Period
(s.-)
0.50000
Damped
Frequency
2.00000
X 1 = 2.703 Volts
X 2 = 1.196 Volts
(2 = 0.01656
Natural Frequency = 2.01677 llz
TAI_I,E VII. Data for Bare Cuff (continued), Test 4
P(_ak
Time
0.10938
0.61419
Period
0.50781
Damped
Frequency
(rIz)
1.96929
X 1 = 3.013 Volts
X 2 = 1.489 Volts
(2 = 0.01243
Natural l_requ(_ncy = 1.98158 llz
30
TAI_LI", VII. Data for Bare Cuff (concluded), Test 5
Time
(see)
0.10156
0.60938
Period
( cc)
0.50781
Damped
Frequency
(Hz)
1.96923
XI = 3.086 Volts
X2 = 1.558 Volts
(2 = 0.01169
Natural F'requency = 1.98085 Hz
r _ _IABIJ, VIII. Data h)r Cuff with Root Extender, "lest 1
] 'oak
Time
(sec)
0.13281
0.76563
1.39063
2.00781
Period
(see)
0.63281
0.62501
0.61718
Damped
Frequency
(tt )
1.58025
1.60000
1.62027
Avcrag('_ i)aml)ed Frequency = 1.60017 Hz
X1 = 4.634 Volts
X2 = 3.142 Volts
_2 = 0.00381
Natural Frequency = 1.60323 Ilz
31
'I'AI_I,I:, VIII. Data for (;u[f with I_oot Extender (continued), Test 2
])('il, k
Time
(sec)
u
0.14063
O.76563
1.39063
2.00000
l>eriod
0.62500
0.G2501
0.60937
Damped
Frequency
(ll )
1.60000
1.60000
1.64104
Average i)aml>ed Frequen<:y = 1.61367 |lz
-El = 4.360 Volts
•¥2 = 2.793 Volts
(2 = 0.00500
NaturaJ Frequency = 1.61772 Ilz
lABIA, VIll. l)ata fo,' Cuff with Root Extender (continued), Test 3
l.,ea.k
r _"Ilille
sec)
i i
0.14063
0.76563
1.39063
2.00781
Period
(.,ec)
0.62500
0.62501
0.61718
l)ampcd
Frequency
1.60000
1.60000
1.62027
Average Damped Frequcncy = 1.60675 IIz
X 1 = 4.517 Volts
X 2 = 2.671 Volts
(2 = 0.00694
N;tl, ural l,'requency = 1.61236 tlz
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TABI,I'; VIII. l)a.t_ for Cuff with Root Extender (continued), Test 4
])oak
I!
1
2
3
4
Time
SO(')
0.13281
0.76563
1.3828l
2.00781
Period
0.63281
0.61719
0.62500
Damped
Frequency
(l[z)
1.58025
1.62026
1.60000
Aw:rage Damped Frequency = 1.60017 Hz
X 1 = 4.895 Volts
X 2 = 3.886 Volts
C2 = 0.00702
Natural Frequency = 1.60582 lIz
TABIA'_ VIII. Data for (',ufl" with Root l",xteuder (concluded), Test 5
Peak
1
2
3
4
Time
see)
i m
0.13281
0.76563
1.39063
2.01563
Period
(see)
0.63281
0.62501
0.62500
Damped
Frequency
1.58025
1.60000
1.60000
Average l)amped Frequency = 1.59341 Hz
XI = 4.668 Volts
X2 = 3.257 Volts
(2 = 0.00327
Natural Frequency = 1.59602 Hz
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L-91-74_7
l:ig,H'(' 1. Photograph of Rotor Blades
34
Adjustment shims--
Cuff retainer_
/
i
Feathering spindle
Inboard spindle race
-'orrington B-1412 needle bearing
!nbocrd thrust race
/ -orrington NTA-1220 thrust bearing
Outboard thrust race
\
\
\
_-Spindle spacer
\\ ",, \ \\\ _,
' _,\\ \, \\_ X-91aae cuff
'" , \,----NAS ! 505-" nigh-strength
...... Thrust washer
3olt
', _---Torrington IR-88 inner race
\
L-Torrington B-128 needle bearing
i'_igur(; 2. Sketch of Blade Cuff Assemhly
35
Flap Axis
LVDT
Cuff
Blade
Figure 3. Al)p,_ratus Test Setup Sketch
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Figure 8. TR3 (concludcd)
51
lO t. ML_Ome
B
-46
dOV
P._I411 V TflA TIMR C1t! R_.AL. 11t-.06--07 01_. m7:40
..... ; ...... : ...... _ ....... Z....... _....... _....... : ....... : ...............
..... ; ............ ,2....... ; ....... _............. : ....... _....... ; .......
.... ; ...... ........ ._....... ; ...........................................
, ° . ° . a o , , ......... _, ....... ° ....... ,. ° , 0 o . .° .......... ° , ° _ ....... , .......
litop- " _.Ibt_
.,,_...... i...... i...... ii.......!.......i......._......._......._,i-...,
..... _ ...... _............. : ............. ; ....... _....... _....... ;......
-smm
t.ooooo H: - tim .4_k:lBv T_ IIPt__G CI_ dE HAO !11-06-07 011: 1_.7:40
, ° ° • . • • • . • .. ..... • • ..... *% ..... . . . . , . ... , . , ....... . , , o , . .. , . ." .......
• • ° • .*. ........ . ................... ° ..... -.. , .... - .... •
: ; ; ; ; " . • ....... : .......
/, . o ......... I .... , , , . ..... * ..... ,., ....... • ....... . o , . ** *
_! ......_......i......_......i......_.......i ......i ......i ......
--- . .|r'E 0 000 F_z otop.., lSO 000 I42
_l_st 1
52
_.011. _171001
dlW
-iN
$.0IB V ,"RA TZME CH/. _ IDI.-IHi--07 Ogl: liD" O0
m "1"-- .......................................................
..... ._...... • ...... -....... :....... ;
..... _...... _...... _....... i....... i....... i....... i....... i....... i....... !
il •
• • * ° ° * ° " ° t
-4a T--_---- ......... - ...........................
i.. _ ......... . .....i
1 L. " ......• • • _. ° • ..... . .... , . , , . . . ,., . . . , , .... ...... .., . o . ** * * * * o*
11'...................................................................
_. .... * ............ . . , .... , ............... . ..... , . , . . . . , o . , ° ..... ,...
o _,., . /° ........ , . ................. ° . . .,.... , ....... . .., o . , . *** ,.... o.
il. i :................... :.......:.......:.......:.......:.......:.......
!......! .....: .....: .....: ......i .....
I.O0000 HZ -S_l.41dBV _ _ _ dl ),IAO t_L--Oe..-07 _ :1._" Oql
Test 2
Figure 9. Bare C,uff
ORIGINAL '_ ,"r-_,=E IS
OF POOR QUALITY
lOl.|7800f_ ff.705 V TIIA TZH_ CHI II_AL. ll--OB--O0 O_ _ 49
8
I ..... : ...... : ...... : ...... : ............. : ....... :....... :....... -.......
:i i......!......i:i ....:i:::i::2!
i!ilIiii_iiiiii_iiiiii_iiiiii_ill...._......._......._.......i.......i.......I
- _t_'_- a..oo fi_ " " " " "m_p._ _ oaa t_l
t.ooooo H'z --_4.J_tmv Tr_ 8m_.C _m em N_O 01--Oe--08 0_ _ ,tl ,]_st
LOI. l'_10Oem
Je
V
--41
etBY
-ill
31.0i31 V _ T1;4_ (:I'll NP.AL g,_.-O_-04i Ot _ 4_1
• • .... . • o j
• . o • • • . • .
o • o o ,. .... . • ,_.o . • . ... . . .o ...... o .... . . o . . • o • . . • .o oo o.. oo •
!
,Ioo • • . oo ooo • ._oo • • o • _o • o.. • _o.o • o. _oo .... _ o • o o • ooo • • • • • ooo . • • o o ...* • • _ • oI
' o . • .... o o :
! : i
I
i i .... !
• "r"" _...... " ...... - ....... : ....... : ....... : ....... :....... :....... :....... ;
J.-,-.- -'....... " ...... : ....... "....... "....... "....... "....... :....... :....... i
,:.. _...., ......................................... ........ ........ ........ ;
tl °
',o o_ o o o _oo.o. • _oo . o o o _oo o o oo _o • • • • • _o o. • oo _. o.o . • oooo oo oo.oo...o • o_o Io._,
' i, o
_i i, • , .... •
8t_t- O. 000 _ 8to/_ _0. OGO Hz
Test 4
OF POOR q_UAt_TY
Figure 9. Bare Cuff (continued)
53
lot. gmI_5Oms
g
.-6
-4
_HV
-iN
-I".... - .........................
. ° o °. _o • • °.o...o • ._ o
• ...i, -o • ° • .. ..... * o • ......... -.. • • .................. • ooo. • •
.. - ...... - ...... . ....... . ....... . ....... . ....... . ....... . ....... ........
• " "" " : '_ ." Z ." " ," _
_ oo o o. _o. ° • . . , ...... ,. o . . o . _o ..... _, • • • .. _ ...... . .... .. ...... ....oooo, oo.
: ........ :........ :........ :..... L ..... i
T 7 .... -;....... - ..... • ..... - ....... - ..... -.... ---- I
e , ..... I
I ° . .... •
r q i
I . • • o ..... i
B
, .-_.--." ...... : ...... - ....... • ....... •....... •....... -....... -....... •.......
6_" °_ ............... " "°" " °° ° " " ...... ° ............ ° ..... ° ° " " ° ° °°'" °'*°" Pl
,, [
r
•. ... ... oO. oO. .-.• ................. • ......... o ........ ............. .. o o.
i
. . . o . . .. ...... _ ............. _ ...... .o • o • . . _o . .... o ....... ... o . . .. ..... . o. o,
• A i
Test 5
l"igure 9. Bare Cult" (concluded)
ORIGINAL PAGE IS
OF POOR Q!.;._L1TY
54
dBY
-t2B • Akttrt-- 0.000 Mz atop- 50.000 H=
t._SO000 HZ -i22.36dBV TF_B 9P_C CH_ dB NAG 91-08-i3 tO: S_. 5S
t I tJ_st I
140.62500mt 4.360 V TRA TZME CHi REAL 91-08-13 ii: 03:52
t -| ....... -° ........................................................
1.1........................................................................
-" __:-_-_ • ,top- 7.m •
dBV
I
1
°
°]
-12tJ
t_
1.82500 HZ -i24.;_9dBV TRB SPEC CH_ dB MAQ 81-08-13 ll: 03: B: )
Figure 10. Cuff with Blade Extender
........................................ ° ..........................
.......... . ....... 1 ....... ........ 1 ...................................
A
t- 0.000 HZ Iltop-- 50.000 HL'
Test 2
55
56
t40.82500mo 4._17 V TRA TIR_ OH1 REkL 9t-08-t3 11:2t:01
. ...... !...... !....... i....... !....... i....... )....... ?....... !....... i
r.i...... -....... •....... •....... ........ •....... •....... -....... •....... L
........ t
V ..... ". • _ ..... !....... : ...... : .... :- - -2 .... : .... I
-5 ptoPt- _.000 • Itoa- 7.99_ •
-46 t *
i ........ 1
• °1 ....................................................................
I
11 1....................................................................
illi122211221112221121221211212221222122121122112221212112112211222121
I
0.ooo Hi A o_op_ _0.000 HZ
dBV
1,, I1
lit:llr t:--
1.82500 HZ -t30.3tdBV TRO SPEC CH2 d5 HAG 9i-08-t3 1t:2t:01
_l_st 3
132.512BOmm
5
4.096 V TRA TZME CHI REAL B1-08-13 tl: 2_ t0
...._......i......i.......i.......i.......i.......i.......i.......i.......
V
-IS
-48
dBV
-1a8
1.75ooo Hz -i30.31dBV TRB 9PEC CH2 dB MAO 2t-08-t3 11:2_ 18
4. ,
4'
_-. : ...... : ...... : ....... : ............... : ....... :....... :....... :.......
_b-t_-_-._Oo • _to_- 7._ •
................... 2 ....... : ............... : ....... :....... : ....... :......
............ : ...... : ....... : ....... ; ....... : ....... :...... • ..... . .....
I
1
, ,: .... . ....... . ....... . ....... . ....... _ ..................... - ....... - ......
................................. . ....... - ....... • ....... • ....... • ......
I
.................................................................. ° ......
t_ t- _.ooo _z •
• tee" eo.ooo
l"igure t0. (_'u[[ with Blade Extender (continued)
OF POOR QUA/._TY
13;_.81L_0_ 4.868 V TRA TZNI[ CHi REAL Sit-08-13 12: 4i: la
"" ' " ...... : ...... : ....... : ....... i ............... : ....... : .............
-4e .................
dBV
-iLlS
l
i
!
t -_ I:- o.oo_ HZ ...... " eton-- 5o.ooo"k
1.82_00 HZ -t2_.3BdBV TFQ SPEC CH;_ dO NAg 81-0@-13 l_. 4t: |;2
Test 5
Figure 10. Cuff with Blade Extender (concluded)
57
Form Approved
REPORT DOCUMENTATION PAGE oge No. 0704-0188
Public reporling burden for Ih_s colteclion of information is estimated to average 1 hour per response, including lhe time lor reviewing inslruclions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
colteclion of information, including suggestions for reducing lhis burden, to Washington Headquarters Services, Directorate for Informalion Operations and Reports, 1215 Jefferson Davis
Highway, Suite 1204, Arlington, VA 222024302. and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
November 1991 Technical Memorandum
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Flapping Inertia for Selected Rotor Blades WU 505-59-36-01
16. AUTHOR(S)
John D. Berry and Matthew J. May
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Aerostructures Directorate
U.S. Army-AVSCOM
Langley Research Center
Hampton, VA 23665-5225
g. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)
National Aeronautics and Space Administration
Washington, DC 20546-0001
and
U.S. Army Aviation Systems Command
St. Louis, MO 63120-1798
i8. PERFORMING ORGANIZATION
REPORT NUMBER
10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
NASA TM-104125
AVSCOM TR 91-B-019
11. SUPPLEMENTARY NOTES
Berry: Aerostructures Directorate, USA-AVSCOM, Hampton, VA.
May: United States Military Academy, West Point, NY
12a. DISTRIBUTION ! AVAILABILITY STATEMENT
U nclassified-Unlimited
Subject Category 05
12b. DISTRIBUTION CODE
13. ABSTRACT (Maximum 200 words)
Aerodynamics of helicopter rotor systems cannot be investigated without consideration for the dynamics of the rotor. One of
the principal properties of the rotor which affects the rotor dynamics is the inertia of the rotor blade about its root attachment.
Previous aerodynamic investigations have been performed on rotor blades with a variety of planforms to determine the
performance differences due to blade planform. The blades tested for this investigation have bren tested on the U.S. Army
2-meter rotor test system (2MRTS) in the NASA Langley 14- by 22-Foot Subsonic Tunnel for hover performance. This
investigation was intended to provide fundamental information on the flapping inertia of five rotor blades with differing
planforms. The inertia of the bare cuff and the cuff with a blade extension were also measured for comparison with the
inertia of the blades. Inertia was determined using a swing-testing technique, using the period of oscillation to determine the
effective flapping inertia. The effect of damping in the swing-test was measured and accounted for. A comparison of the
flapping inertials for rectangular and tapered planform blades of approximately the same mass showed the tapered blades to
have a lower inertia, as expected.
14. SUBJECT TERMS
Rotor model: Flapping inertia; Rotor blade
17. SECURITY CLASSIFICATION
OF REPORT
18. SECURITY CLASSIFICATION
OF THIS PAGE
Unclassified Unclassified
NSN 7540-01-280-5500
19. SECURITY CLASSIFICATION
OF ABSTRACT
15. NUMBER OF PAGES
58
16. PRICE CODE
A04
20. LIMITATION OF ABSTRACT
Standard Form 298 (Rev. 2-89)
Prescqbed by ANS! St{3 Z39 t8
298-102
